Exogenous testosterone decreases men’s sensitivity to vocal cues of male dominance by Han, Chengyang et al.
Exogenous testosterone decreases men’s 









This is the accepted manuscript © 2020, Elsevier 
Licensed under the Creative Commons 
AttributionNonCommercial-NoDerivatives 4.0 International: 
http://creativecommons.org/licenses/by-nc-nd/4.0/
The published article is available from doi:
https://doi.org/10.1016/j.yhbeh.2020.104871
	 15		
Running title: Testosterone decreases dominance sensitivity 
 
Exogenous testosterone decreases men’s sensitivity to vocal cues of male dominance 
 
Chengyang Han a, b, Christopher D. Watkins c, Yu Nan a, b, Jianxin Ou a, b, Xue Lei d,  
Xiangqian Li e, Yin Wu a, b * 
 
a Shenzhen Key Laboratory of Affective and Social Cognitive Science, Shenzhen University, 
Shenzhen, China 
b School of Psychology, Shenzhen University, Shenzhen, China 
c Division of Psychology, School of Applied Sciences, Abertay University, Dundee, United 
Kingdom 
d School of Business Administration, Zhejiang University of Finance and Economics, 
Hangzhou, China 
e School of Psychology, Shanghai University of Sport, Shanghai, China 
 
 
* Correspondence: Yin Wu, School of Psychology, Shenzhen University, Shenzhen, China. 





Assessing dominance is important for effective social interactions, and prior research suggests 
that testosterone is associated with men’s dominance perceptions. The present study tested for 
a causal effect of exogenous testosterone on men’s sensitivity to vocal cues of other men’s 
dominance, an important parameter in male-male competition across species. One hundred 
and thirty-nine Chinese men received a single dose (150 mg) of testosterone or placebo gel in 
a double-blind, placebo-controlled, between-participant design. Participants reported their 
own dominance and judged other men’s dominance from voices. Men’s dominance sensitivity 
was significantly weaker in the testosterone group compared to those in the placebo group. 
Moreover, men’s dominance sensitivity was negatively associated with their self-reported 
dominance in our Chinese sample, consistent with findings from Western populations. These 
results indicate that exogenous testosterone has a causal effect in decreasing men’s 
dominance sensitivity, consistent with the Challenge Hypothesis, suggesting that the 
fluctuation of testosterone concentration mediates individuals’ behaviors. Additionally, the 
present study could motivate further work on vocal assessment in the context of competition 
in humans and other species. 
 




Sexual selection theories provide an explanatory framework for intrasexual competition (see 
Archer, 2009; Wilson et al., 2014; Wrangham, 2018 for discussion), as death from intrasexual 
competition represented an important selection pressure in ancestral societies (Bowles, 2009; 
Keeley, 1996; Manson et al., 1991; Walker, 2001) and may have been fundamental to the 
evolution of group-based cooperation (Choi & Bowles, 2007) and social intelligence (Flinn et 
al., 2005). One aspect of social intelligence is the ability to assess traits related to dominance 
in social partners, to reduce the costs of conflict such as lost resources, injury, or death (Puts, 
2010; Sell et al., 2009a). Indeed, even in light of a historical decline in harm incurred from 
physical conflicts (i.e., on aggregate, Pinker, 2011), dominance assessment is still functional 
as the costs of underperceiving these traits are more substantial than the costs of 
overperceiving them (i.e., Error Management Theory; Haselton, & Buss, 2000; Johnson et al., 
2013). Accordingly, dominance is one of the two primary dimensions in social perceptions of 
both faces (Oosterhof & Todorov, 2008; see also Sutherland et al., 2013) and voices 
(McAleer et al., 2014). In sum, attending to cues of dominance is critical for effective social 
interactions. 
  
Traits exaggerated to a greater extent in one sex than the other are attended to in dominance 
assessment and within-sex competition across many species (Reby et al., 2005; Pitcher et al., 
2015; see Emlen, 2008 and Santos et al., 2011 for reviews), and maybe exaggerated as 
dominance rank increases (Setchell & Dixson, 2001). In humans, masculine physical 
characteristics are associated with dominance when individuals judge men across different 
modalities (e.g., DeBruine et al., 2006; Frederick & Haselton, 2007; Jones et al., 2010; Neave 
& Shields, 2008; Perrett et al., 1998) such as vocal masculinity (e.g., Puts et al., 2012; see 
Watkins & Pisanski, 2016 for review). Conspecifics vary in their dominance, however, and 
classic models within evolutionary biology acknowledge that this is important in the 
escalation of conflict (Maynard Smith & Price, 1973). Accordingly, sensitivity to physical 
cues of dominance may vary in light of the perceiver’s own dominance, as less-dominant 
individuals incur greater costs from underperceiving these cues (Watkins et al., 2010a, 2010b). 
Consistent with this proposal, psychometric and physical proxies for dominance (i.e., height, 
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reviewed in Stulp et al., 2015) may impact men’s perception to other men’s dominance 
(Watkins et al., 2010a). Thus, sexually dimorphic physical characteristics are correlated with 
dominance, while social perceptions of this trait vary systematically between observers. 
 
Testosterone is associated with men’s social perceptions and behaviors, such as mate 
preferences (Han et al., 2020; Welling et al., 2008), social judgments of trustworthiness (Bird 
et al., 2017), cognitive reflection (Nave et al., 2018), and aggressive behavior (Carré et al., 
2017). The Challenge Hypothesis provides a theoretical framework to explain the relationship 
between testosterone and behavior, which was initially developed to explain seasonal 
fluctuations of testosterone levels in birds (Wingfield et al., 1990). It assumes that 
testosterone levels are not static but fluctuate in response to cues of challenge in the 
environment (e.g., parenting, breeding, and competition for mates), and these 
challenge-induced fluctuations in testosterone levels may, in turn, modulate one’s behavior 
(Muller, 2017; Wingfield et al., 1990; see Geniole et al., 2020 for a recent review). Similarly 
in humans, increases in testosterone levels may interact with individual’s behaviors and/or 
mental processes that increase fitness in response to challenge (Archer, 2006), such as mating 
(Goldey & van Anders, 2011, 2012; Roney et al., 2007; van der Meij et al., 2008), and 
competition (Carré et al., 2009; Mehta & Josephs, 2010).  
 
In the current study, we aim to test whether pharmacologically induced testosterone increase 
influenced men’s assessment of other men’s dominance. The assessment of other men’s 
dominance is an important cognitive function within same-sex competition, which may 
influence the likelihood of conflict escalation (versus withdrawal). Direct evidence for a 
causal effect of testosterone on men’s dominance perception is rare (see Kandrik et al., 2016 
for a study of natural variation in male testosterone levels and their voice perception). 
However, previous research has shown that after men were primed with victory, which is 
associated with testosterone increases (Geniole et al., 2017), men are less sensitive to facial 
cues of other men’s dominance (Watkins & Jones, 2012), defined as a low strength of 
association between masculine physical characteristics and perceived dominance (Watkins et 
al., 2010b). In addition, dominant male traits are positively associated with basal testosterone 
	 15		
levels (Carré et al., 2009; Sellers et al., 2007; Turan et al., 2014), and a rise in testosterone 
improves men’s self-assessments of their dominance (Welling et al., 2016). Thus, we 
predicted that testosterone administration would decrease men’s sensitivity to vocal cues of 
dominance in other men (Hypothesis 1). 
 
Previous research measured dominance sensitivity as the extent to which men perceive 
masculinized versions of stimuli to be more dominant than feminized versions (Watkins et al., 
2010a, 2010b; Watkins & Jones, 2012) by systematically manipulating pitch in voices 
(Watkins et al., 2010a). Here, we measured two sexually dimorphic acoustic properties of 
voices: fo (perceived as pitch) and formant position (Pf, aggregated formant frequencies, see 
Puts et al., 2012). Low values on both parameters are an index of vocal masculinity, as both 
values are typically smaller in men than in women, and are negatively related to perceptions 
of men’s dominance (Puts et al., 2012). Our measurements improve upon the vocal 
parameters in Watkins et al. (2010a), as formant frequency is a stronger predictor of body size 
than pitch (see Pisanski et al., 2014 for a meta-analytic review), with size as an index of traits 
related to dominance (reviewed in Stulp et al., 2015). We investigated responses to these 
vocal parameters in a new paradigm involving natural (unmanipulated) variation in male 
speech. Here, dominance sensitivity is defined as the extent to which the objective differences 
in Pf or fo have an effect on dominance perception. For men who are particularly sensitive to 
vocal cues of male dominance, the same objective differences in Pf or fo would have a 
stronger effect on their dominance perceptions, compared to men who are less sensitive to 
vocal cues of male dominance.  
 
As prior evidence for individual differences in dominance sensitivity is predominantly based 
on Western samples (Watkins et al., 2010a, 2010b), the present study also sought to replicate 
this pattern of results in a non-Western (Chinese) sample. Thus, in addition to testing for the 
effects of exogenous testosterone on men’s dominance perception, we also examined whether 
men’s own dominance influenced their dominance sensitivity in a Chinese sample. Based on 
previous research (Watkins et al., 2010b), we hypothesized that men’s own dominance could 





One hundred and forty healthy Chinese men participated in this experiment. Individuals who 
took psychotropic medications or had any neurological/psychiatric disorders were not eligible 
to participate. Participants were asked to abstain from alcohol, caffeine, and smoking for 24 
hours prior to the experimental session. This experiment was approved by the Shenzhen 
University Medical Research Ethics Committee and complied with the Declaration of 
Helsinki. Participants were reimbursed 45 Chinese yuan (~ 7 US dollars) per hour. All 
participants provided written informed consent. One participant (in the placebo condition) 
was excluded from analysis, as he provided the same response across trials. The final sample 
size for analysis was 139 males (Mage = 20.76 years, SD = 1.87, age range = 18-26 years). 
 
2.2 Stimuli 
The stimuli consisted of 43 Chinese young adult male voice samples, which were recorded 
using an Audio-Technica AT-4041 cardioid condenser microphone at a sampling rate of 44.1 
kHz at 16-bit amplitude quantization. The word “Hi” (in Chinese “嗨”) was extracted from 
each recording for use in the experiment. The sound pressure level of all voices was 
normalized to 70dB SPL using the root mean squared method. All acoustic measurements 
were made using Praat (Boersma & Weenink, 2013). Specifically, fo (M = 129.28 Hz, SD = 
18.05) was measured via Praat's autocorrelation algorithm with a search range of 65-300 Hz 
(Pisanski et al., 2014). We measured F1 to F4 using Praat's Burg Linear Predictive Coding 
(LPC) algorithm, with the maximum formant set to 5000 Hz. Formants were first overlaid on 
a spectrogram and formant number was manually adjusted until the best visual match of 
predicted and observed formants were obtained. These techniques and settings are 
recommended by the Praat manual (Boersma & Weenink, 2013; see also Pisanski et al., 2014). 




All participants arrived at the laboratory between 11:00 and 14:00. After providing informed 
consent, they completed a short questionnaire, consisting of demographic information and a 
self-reported dominance measure (“How dominant do you consider yourself to be?” on a 1 
“very submissive” to 7 “very dominant” scale). Then, participants were randomly assigned to 
one of two experimental conditions (Treatment): a single dose of testosterone [Androgel ®] or 
placebo gel. We used a double-blind, placebo-controlled, between-subjects design (i.e., each 
participant only came to the laboratory once). Participants in the testosterone condition (N =  
70) received a single dose of testosterone gel, containing 150 mg testosterone [Androgel ®],
while those in the placebo condition (N = 70, N = 69 for the final analysis as one participant 
provided the same response across trials) received a colorless hydroalcoholic gel. The dosing 
and pharmacokinetics of a single dose of Androgel is well established for men and used in 
previous studies (Bird et al., 2016; Eisenegger et al., 2013; Welling et al., 2016; Wu et al., 
2018). In both conditions, a trained male research assistant, who was blind to both the study 
purpose and the experimental condition, applied the gel to the upper arms and shoulders of 
participants. During the waiting period, participants rested in the testing cubicles and were 
provided with books and newspapers. 
2.4 Vocal dominance judgment task 
The vocal dominance judgment task commenced three hours after gel administration. This 
time point was chosen based on previous pharmacokinetic data, where men’s testosterone 
levels peak three hours after Androgel administration (Eisenegger et al., 2013; Wu et al., 
2018). The vocal dominance judgment task was administered on laptops (ThinkPad T460) in 
the laboratory, with each participant sitting in a quiet single room. All voices were set at a 
constant volume and played via headphones (Sennheiser HD 280 Pro). Participants rated each 
voice on dominance from 1 (low) to 9 (high), with trial order fully randomized. All 43 voice 
samples were rated within one block and each voice sample was played only once. 
2.5 Statistical analysis 
We conducted a linear mixed effect model to analyze the effect of testosterone on the 
relationship between vocal dominance judgments and sexually dimorphic vocal 
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characteristics. Analyses were conducted using R version 3.6.0 (R Core Team, 2019), with 
lmerTest version 3.10 (Kuznetsova et al., 2017). Before analysis, the treatment variable was 
coded as: placebo (- 0.5) vs. testosterone (+ 0.5). fo and own dominance scores were 
standardized, however, Pf was not standardized as it was calculated via averaged z-scores of 
F1 to F4. In the model, the dependent variable was vocal dominance ratings from 1 (low) to 9 
(high), and the fixed-effect factors were: treatment, own dominance scores, fo, Pf, and all 
possible combinations of their interactions. Subject ID and voice ID were entered into the 
model as random-effect factors, following Barr et al. (2013) and Barr (2013). Additionally, 
we tested whether the two treatment groups differed in their own dominance scores, as 
previous research suggested that men’s own dominance is correlated with their dominance 
sensitivity (Watkins et al., 2010b). 
 
3. Results 
The results of the linear mixed effect model are presented in Table 1. Both Pf (β = -0.53, SE = 
0.11, t(42.79) = -4.97, p < .001) and fo (β = -0.51, SE = 0.07, t(42.79) = -6.83, p < .001) were 
negatively associated with the ratings of vocal dominance, suggesting that masculine male 
voices (i.e., lower fo and Pf) were perceived as more dominant than feminine male voices. 
Moreover, there was a main effect of participants’ own dominance (β = -0.27, SE = 0.06, 
t(14.13) = -4.22, p < .001), indicating that men who perceived themselves as less dominant 
rated other men’s vocal dominance higher. The main effect of treatment was not significant (β 
= 0.06, SE = 0.13, t(14.13) = 0.46, p = .645). 
 
Table 1. Model of Dominance Rating Using Linear Mixed Effect Model with Random 
Effects. 
 β 95% CI   SE t p  
Intercept 4.85  4.66, 5.03 0.09  51.23  < .001 *** 
Pf -0.53  -0.74, -0.32 0.11  -4.97  < .001 *** 
fo -0.51  -0.65, -0.36 0.07  -6.83  < .001 *** 
Treatment 0.06  -0.19, 0.31 0.13  0.46  0.645   
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Own dominance -0.27  -0.40, -0.15 0.06  -4.22  < .001 *** 
Pf x fo 0.01  -0.20, 0.21 0.11  0.07  0.946   
Pf x Treatment 0.11  0.01, 0.21 0.05  2.19  0.029 * 
Pf x Own dominance 0.06  0.01, 0.11 0.03  2.26  0.024 * 
fo x Treatment 0.03  -0.04, 0.10 0.04  0.97  0.335  
fo x Own dominance -0.04  -0.07, 0.00 0.02  -1.95  0.051  
Treatment x Own dominance 0.05  -0.21, 0.31 0.13  0.38  0.706  
Pf x fo x Treatment -0.04  -0.14, 0.06 0.05  -0.83  0.408  
Pf x fo x Own dominance 0.03  -0.02, 0.08 0.03  1.20  0.231  
Pf x Treatment x Own dominance 0.04  -0.07, 0.16 0.06  0.73  0.471  
fo x Treatment x Own dominance 0.05  -0.03, 0.13 0.04  1.34  0.188  
Pf x fo x Treatment x Own dominance -0.09  -0.21, 0.02 0.06  -1.61  0.114  
139 subjects, 5977 observerations. Log Likelihood: -10078.8 
 
There was a significant interaction between Pf and treatment (β = 0.11, SE = 0.05, t(575.40) = 
2.19, p = .029), suggesting that our experimental manipulation had a direct effect on the 
salience of this vocal parameter when judging men’s dominance (see Figure 1). This 
interaction was interpreted by examining the association between Pf and dominance ratings in 
each treatment group. Although dominance ratings were negatively associated with Pf in both 
groups, this association was weaker in the testosterone group (β = -0.48, SE = 0.11, t(42.56) = 
-4.46, p < .001) than it was in the placebo group (β = -0.59, SE = 0.11, t(42.72) = -5.15, p 
< .001). In other words, men who are given testosterone perceived the same objective 
differences in Pf as less salient when evaluating men’s dominance, compared to men in the 
placebo group, indicating that testosterone decreases men’s sensitivity to cues of dominance 
in male voices. 
 
-----------Insert Fig. 1 about here----------- 
 
Notably, there was no significant difference between the two groups in self-rated dominance 
(M Testosterone = 4.20, SD Testosterone = 1.22, M Placebo = 4.22, SD Placebo = 1.10, t(135.79) = 0.096, p 
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= .930) before gel administration. Thus, differences in dominance sensitivity between the two 
treatment groups were not an artifact of differences in those groups’ self-rated dominance. 
 
There was a significant interaction between Pf and men’s own dominance, on dominance 
ratings (β = 0.06, SE = 0.03, t(575.40) = 2.26, p = .024), indicating that men’s own dominance 
was related to the association between Pf and vocal dominance perception. Specifically, the 
negative association between Pf and dominance ratings was weaker in dominant men (high 
own dominance = 1 SD above mean; β = -0.56, SE = 0.14, t(42.56) = -4.06, p < .001) than it 
was in less-dominant men (low own dominance = 1 SD below mean; β = -0.64, SE = 0.11, 
t(42.61) = -5.69, p < .001, see Figure 2). This result indicated that men’s dominant sensitivity 
was negatively associated with their own dominance. 
 
-----------Insert Fig. 2 about here----------- 
 
4. Discussion 
The present study investigated the effect of exogenous testosterone on men’s sensitivity to 
vocal cues of dominance in other men. The results showed that men’s dominance sensitivity 
was significantly reduced in those given testosterone compared to men given placebo, 
providing direct evidence that exogenous testosterone has a causal effect on men’s dominance 
perception. Moreover, the experiment also revealed that men’s dominance sensitivity was 
negatively associated with their own dominance in our Chinese sample, providing converging 
evidence with research on Western populations (Watkins et al., 2010a). 
 
The effect of exogenous testosterone on men’s dominance sensitivity may be due to increases 
in self-perceived dominance that are induced by testosterone administration, which, in turn, 
decreases their dominance sensitivity. Specifically, Welling et al. (2016) demonstrated that 
exogenous testosterone increased men’s perceptions of their own dominance. Furthermore, it 
has been shown that men’s perception of their own dominance was negatively associated with 
their dominance sensitivity (Watkins et al., 2010b), which was also found in our Chinese 
sample. According to Error management theory (Haselton & Buss, 2000), the costs of 
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underperceiving (versus overperceiving) traits related to dominance are greater for 
less-dominant individuals (i.e., Watkins et al., 2010a, 2010b; see Johnson et al., 2013 for a 
theoretical overview). Our data suggest that less-dominant men, in the absence of 
experimentally-induced testosterone, are more sensitive to vocal cues of other men’s 
dominance. 
 
As testosterone increases during competition may cause an increase in aggressive behavior 
(Carré et al., 2013), the decreased dominance sensitivity observed after testosterone 
administration may represent a social-cognitive mechanism involved in the escalation of 
confrontation or aggression. In same-sex contests, it would be functional to avoid escalation 
of conflict with masculine rivals, as masculine physical characteristics are positively 
associated with physical dominance (e.g., body size, strength; Windhager et al., 2011). 
However, men who are less sensitive to cues of dominance in rivals (i.e., testosterone 
administration group) may, in turn, be more likely to engage in costly confrontations by 
underperceiving traits related to a rival’s formidability. Pending further work, these findings 
may have practical applications in understanding the hormonal correlates, and contexts that 
motivate risky aggression. Our male sample did not differ in their self-reported dominance 
before our manipulation, which had a direct effect on judgments that may underpin 
indiscriminate confrontation. In sum, the effects of testosterone on men’s dominance 
perception may be an important underlying mechanism that increases men’s aggressive 
behavior. 
 
Other work provides converging evidence that testosterone undermines dominance-related 
decision-making. Geniole et al. (2019) found that a rise in testosterone blunted “threat 
premium” among men in the context of a competitively framed ultimatum game. The threat 
premium is an effect where more dominant individuals are ceded more resources. Our work 
complements Geniole et al. (2019)’s findings, as they both suggest that fluctuations in 
testosterone levels recalibrate assessments related to dominance, modulating 
appearance-based inferences about the target based on facial (Geniole et al., 2019) and/or 
vocal (the current study) cues. Both findings are consistent with the Challenge Hypothesis, 
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where testosterone acts as a hormonal mechanism for facilitating competition in challenging 
contexts (Muller, 2017; Wingfield et al., 1990). Increases in self-assessed dominance 
(Welling et al., 2016) and reductions in the threat premium afforded to dominant individuals 
may, in turn, increase the likelihood of competition for resources. 
 
Men’s testosterone levels fluctuate in different contexts, and testosterone motivates mate 
preference/pursuit (e.g., Welling et al., 2008; Han et al., 2020), and competition for mates 
(see, e.g., Archer, 2006 for review), while decreasing in contexts where investment in 
resulting offspring may be of greater concern (e.g., Gettler et al., 2011). Although the current 
study did not directly manipulate these contexts or environments, exogenous administration 
of testosterone mimics contexts in which the motive to compete may be relatively intense (i.e., 
in light of the Challenge Hypothesis, see, e.g., Archer, 2006 for review), and when the costs 
of conflict are reduced (i.e., in light of competitive victory, Geniole et al., 2017), and 
‘winner-loser’ effects (reviewed in Hsu & Wolf, 2001; Hsu et al., 2006) motivate future 
behaviors. As testosterone is responsive to context and may fine-tune male psychology for 
effective competition (e.g., Carré, & Archer, 2018; for a review see Geniole & Carré, 2018), 
our findings extend this research, with the first direct evidence showing that testosterone 
influences a fundamental dimension of social perception in men (i.e., dominance perception; 
McAleer et al., 2014; Oosterhof & Todorov, 2008).  
 
Notably, we observed no general treatment effect. Our findings were specific to testosterone’s 
effect on the perception of men’s dominance derived from formant frequencies, but not pitch, 
the former of which is a stronger component in perceptions of traits related to male 
dominance such as size (Pisanski et al., 2014). Our findings complement work in other 
species, where this parameter is important in assessments of fighting ability from 
vocalizations (see Raine et al., 2019 for a recent review). Moreover, the current findings 
extend research on the role of competition-related factors (e.g., the perceiver’s own 
dominance) on social perceptions of others (e.g., Watkins et al., 2010b), by demonstrating 
that they are observed in non-Western samples. This is consistent with Scott et al. (2014), 
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showing a positive association between facial masculinity and perceived aggressiveness (a 
proxy for dominance; Lefevre & Lewis, 2014) across different cultures. 
 
It may be surprising that there is no treatment effect on pitch-related dominance perception, 
as pitch is negatively associated with perceived dominance and traits related to formidability 
(e.g., Cheng et al., 2016; Puts & Aung, 2019; Puts, Gaulin, & Verdolini, 2006). However, in 
information-rich contexts, fo only explains around 3-4% of the variance in perceived 
dominance (cf. meta-analysis in Aung & Puts, 2020), and pitch is a poor indicator of physical 
dominance (Armstrong et al., 2019; Feinberg et al., 2018, 2019). Meta-analyses indicate that 
pitch explains less than 2% of the variance in men’s body size, whereas formant frequencies 
explain up to 10% of the variance in men’s body size (Pisanski et al., 2014). In sum, formants 
are better than pitch in indexing physical size (i.e., a cue to dominance), even if the pitch may 
still be a reliable signal of aggressive intent (see Zhang & Reid, 2017 for discussion). Thus, 
the null result of our treatment effect on dominance perception derived from pitch may be 
attributable to factors (a) our experiment context is neutral (i.e., a non-competitive scenario), 
where gauging intent to inflict harm may be less of a concern, and (b) pitch is a weak 
predictor of actual physical dominance (e.g., body size, Pisanski et al., 2014; strength, Han et 
al., 2018).  
 
Limitations and future directions 
While previous work investigated dominance sensitivity based on manipulated voices 
(Watkins et al., 2010a), our work suggests that differences in dominance sensitivity are also 
observed when examining responses to men’s natural voices, which is arguably a more valid 
context for making inferences on social responses to voices outside of the laboratory. 
Moreover, while we observed systematic variation in the perception of dominance in response 
to relatively benign vocal utterances (i.e., someone saying “Hi”), the effects could be 
substantial in the real world, if the information conveyed by speakers is relatively threatening. 
As our study did not manipulate contexts/environments experimentally, future research could 
explore the effect of exogenous testosterone on men’s dominance perception in a variety of 
social contexts, such as competitive and collaborative situations.  
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Another limitation of the current study is that we measured participants’ self-reported 
dominance via a single item measure. Although brief self-rated measures tend to correlate 
highly with objective measures of male dominance (e.g., Sell et al., 2009b), our current 
measure may not capture all components or traits related to dominance, such as leadership, 
prestige, competitiveness, and aggressiveness. Future research could develop this work by 
examining multiple traits related to dominance, including objective measures, and self- and 
peer-ratings.  
 
Additionally, while our experiment was conducted three hours after Androgel administration, 
another experiment with the same dosage is conducted one-hour post administration of 
Androgel (Carré, et al., 2017). While we followed Eisengger et al. (2013) and Wu et al. 
(2018), who show that testosterone levels peak three hours after testosterone administration, 
the data in Carré et al. (2017) suggests that testosterone concentrations are elevated within 60 
minutes and sustained for three hours post-dose. Indeed, testosterone levels at both one- and 
three hours post-dose are significantly higher than pre-dose levels across these experiments, 
although Wu et al. (2018) show that testosterone levels are higher at three hours post-dose 
compared to one-hour post-dose. Therefore, the condition of testosterone levels meets the 
purpose of the corresponding studies (Carré, et al., 2017; Wu et al., 2018) as well as the 
current study. We encourage future research to continue investigating the time course of 
Androgel administration and its corresponding effects on behavior. 
Conclusion 
To conclude, we provided a direct test of the hormonal basis of dominance perception derived 
from vocal cues. The present study demonstrated that exogenous testosterone decreases men’s 
sensitivity to vocal cues of other men’s dominance, consistent with the Challenge Hypothesis, 
suggesting that the fluctuation of testosterone concentration mediates individuals’ behaviors. 
Moreover, we also corroborate the finding that individual differences in the costs of engaging 
in conflict shape dominance sensitivity. In our Chinese sample, less-dominant men are more 
sensitive to vocal cues of male dominance, consistent with past findings from the Western 
samples. Collectively, our findings suggest that intrasexual selection has shaped voice 
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perception in humans, which may have implications for future work on fighting assessment 
from vocal cues in humans and across species. 
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Figure legend 
Figure 1. The effect of treatment on the relationship between Pf and vocal dominance 
judgments. The absolute value of the slope was lower in the testosterone group than the 
placebo group, indicating that the dominance rating in the testosterone group was less 
sensitive to Pf changes than it was in the placebo group. 
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Figure 2. The effect of own dominance on the relationship between Pf and vocal dominance 
judgments. The absolute value of slope was lower in dominant men than it was in less 
dominant men, indicating that less dominant men were more sensitive to Pf changes than 
were dominant men, when judging men’s dominance. Low own dominance = 1 SD below the 
mean, β (slope) = -0.64; high own dominance = 1 SD above the mean, β (slope)= -0.56. 
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